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mass (1) the entropy at  the height h, will be as great as in the 
warmer mass (2) at  the ground. The higher layersin (1) form 
a.series with an entropy equal to the layers in (2) up to the 
height h - 11, I n  the final state the under part of (1) will 
spread out on the ground, above it will be layers which are 
mixtures of (1) and (2), and farther up will lie the masses of (2) 
which initially were between (n - h,) and h. On the bounda- 
ries of the three layers the temperature transition is continu- 

It will be convenient to approach the dynamic equations of 
motion in cyclonic vortices bhrn a study of the Cottage City 
waterspout of August 19,1896. It should be recognized that 
in ordinary cyclones the vortices are not perfect and i t  is only 
rarely and in highly developed storms that anything like pure 
vortex motion is attained. The waterspout, therefore, offers 
a good example of vortex motion in the atmosphere with which 
to test the above equations. I may remark that the theory 
first advanced in my International Cloud Report, 1898, for the 
generation of cyclones and anticyclones in the general circu- 
lation seems to he practically confirmed by these studies based 
upon actual observations. 

ous. 

__-_ 
VILLARD’S THEORY OF THE AURORA. 

By War. R. BLAIR, Assistant Physicist. Dated Moiint Weaiher, Va., January 18. 1907. 

In  his “Essai de Theorie de l’Aurore BorCale ’’,I M. P. Vil- 
lard desires especially to account for the movements of the 
aurora and the various forms in which it appears. He assumes 
that the auroral light is due to the motion of cathode rays 
under the influence of the earth’s magnetic field, and he argues 
that these rays are of terrestrial origin. The auroral arch, 
auroral draperies, and dance of the rays, as usually defined, 
are the peculiarities to be explained. 

The earth’s magnetic field is conceived to be similar to that 
existing between the poles of a Ruhmkorff electro-magnet (the 
coils being in line with each other). Using such a magnet 
and the theory, already developed, of how a cathode particle 
moves in a magnetic field, experimentu were devised and 
carried out for the reproduction of the auroral phenomena 
on a small scale, in an evacuated bulb. Electrodes were 
sealed in the bulb; the negative electrode was especially 
devised for projecting into the field of the magnet, in a suit- 
able direction, a small bundle of cathode rays. Photographs 
of these reproductions were obtained. 

The first three of the following figures and their descrip- 
tions serve au a review of the effects of a magnetic field on 
the motion of projected cathode particles, the fourth, as a 
basis for the explanation of the forms and movements of the 
aurora. 

A A’ is the 
magnetic axis, h: and S the poles. This field is such that the 
distribution of magnetic force in a plane thru B R’ and per- 
pendicular to A A’ is symmetric with respect to the point a t  
which the plane cuts the axis. 

Fig. 2 shows the path followed by a cathode particle pro- 
jected vertically into the earth’s field in this equatorial plane, 
i. e., a t  right-angles to the line of force. The curve traced is 
an epitrochoid. 

Fig. 3 illustrates the motion of an electron in a uniform 
magnetic field. Its path is a helix lying lengthwise in the 
direction of the field. In  this caae the electron entered the 
field in a direction. other than a t  right-angles to the lineu of 
force. 

The more general case in which the magnetic field is not 
uniform, but, like that of the earth, has converging lines of 
force, can not be readily represented by means of a diagram. 
It will be explained by the use of figs. 2 and 3. The electron 
is projected into the magnetic field a t  an angle to the equato- 

Fig. 1 represents the earth’s magnetic field. 

~~ ~ 

FIG. 1.-The earth’s magnetic field. 

FIG. 2.-The path followed by a cathode particle. 

Fro. 3.-The motion of an electron in a uniform magnetic field. 

rial plane, and consequently its path is a combination of the 
helical and epitrochoidal paths with this additional feature. 
In the increasing field the successive spires of the helix, 

‘Annales de Chimie et. de Physique, September, 1906. according to VilGrd, decrease in diameter and in forward 
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velocity, this forward velocity becoming zero and then nega- 
tive. With the increase in velocity in the negative direction, 
the diameters of the spires increase. The electron is thus a 
prisoner of the magnetic field traveling back and forth between 
the poles but never reaching either one. 

The zigzag path of a cloud of electrons, distorted to fit a 
plane surface, is shown in fig. 4. Imagine this figure on the 
surface of a sphere. The lines marked north pole and south 
pole become points. The reenforced parts, due to the over- 
lapping of the paths, occur along magnetic meridians and the 
turning points of these paths lie on magnetic parallels. 

N o r t h  Pole 

South Pole 
FIG. 4.-Path of it cloud of electrons. 

I n  the glass bulb in which the artificial aurora was producecl 
it was found that where the paths overlapt the light was 
decidedly more intense. These regions correspond to the 
auroral rays, which are observed to be parallel to a free mag- 
netic needle. Since these rays terminate on the same magnetic 
parallel, we have the auroral arch. If the distance between 
homologous points of two neighboring rays is greater than 
the width of a ray, we have the fan-shaped aurora; if less, the 
auroral drapery. The aurora in the north must always be 
accompanied by one in the south. 

The general motion of a cloud of electrons is from west to 
east (consider fig. 2). The rate of this easterly motion is, for 
a given magnetic field, a function of the intensity of the elec- 
tric field, i. e., of the velocity of the electrons. Corresponding 
to variations of the electric field we shall have, consequently, 
the rotation of the aurora, to the west in an increasing field, 
to the east in a decreasing field. Since the distance from the 
poles of the turning points in the paths of the electrons is a 
function of the magnetic field strength, variations in this field 
will cause the north and south motions, the dancing of the 
rays. This motion will be away from the pole in an increasing 
field and toward i t  when the field is decreasing. The artificial 
dance of the rays was produced by bringing a small bar of 
iron near one of the poles of the Ruhniliorff magnet, thus caus- 
ing variations in the field strength. 

76-3 

The chief argument for terrestrial as opposed to solar origin 
of the cathode rays is the fact that auroras, a t  altitudes of 
some hundreds of kilometers from the earth, are sometinies 
seen as far south as the equator. Admitting that electrons 
can get away from the sun, those that reach the earth must 
approach and recede along the almost vertical magnetic lines 
in the immediate vicinity of the poles of the earth’s field, pro- 
ducing an aurora which i f  visible a t  all in the lower latitudes 
would necessarily occur a t  very high altitudes. The supposed 
source of the electrons is a cloud under the influence of solar 
radiation. Other possible sources are mentioned. Since these 
can occur only on that side of the earth nest to the sun, and 
since the comparatively feeble light of the aurora is not visible 
until after sunset, more and brighter auroras are seen just 
after dark than later in the night, the easterly auroral rays 
being always feebler than those toward the west. 

The following articles present a theory also based on the 
motion of cathode rays in the earth’s magnetic field; the chief 
differences between tliese theories being that in the latter the 
sun is the source of the cathode r a p .  

Notes de .I1 Carl S‘t&wier.-Sur les trajectoires des corpus- 
cules Llectriques clans l’espace sous l’influence du magn6tisme 
terrestre, avec application aus aurores borbales et ails per- 
turbations magnbtiques. Comptes Rendus, 25 Juin, 1906; 9 
Jnillet, 1906; et 1 Octobre, 1906. 

h5Jte de Jf. Carl Stornzrr.-Les expih-iences de &I. Villard et 
sa tliborie des aurores boretiles. Comptes Rendus, 10 Sep- 
temLre, 1906. This note contains reference to the previous 
work of Stiiriner and to the work of Birkeland, to whom is 
due the hypothesis that the aurora is caused by the motion, 
under the influence of the earth’s magnetic field, of cathode 
particles which have been projected from the sun. 

Note de Jf. P. T‘illnrO.--Sur l’aurore borbale: RGponse i la 
Note de &I. Stormer. 

For the purpose of comparing these theories with actual 
observations, the papers by Prof. Cleveland Abbe, in “Ter- 
restrial Magnetism ”, March, June, and December, 1898, and a 
paper by Doctor Chree, in “The Philosophical Magazine ”, 
January, 1007, will be found interesting. The first of these 
treats of the altitude of the aurora; the second compares sun- 
spot and auroral frequencies. 

Comptes Rendus, 28 Octobre, 1906. 

OBSERVATIONS OF HALOS IN ENGLAND. 
By M. E. T. GHEURY.  Dated Eltham, Kent, January 2, 1907. 

My observations of halos have been but casual, and bu t  few 
were actually recorded; I have always, however, expected wet 
weather after a solar or  a lunar halo. On perusal of my notes, 
I find but the following records : 

(1)  London, 15th of December, 1902, 11 p. m., halo of 2 2 O  
(moon), rather pale, but better defined and plainly visible in ita 
upper half. Rain fell during the whole of the 16th. 

(2) Chelmsford (Esses), 4th of October, 1903, 10 p. m., halo 
of 32’ (moon), well defined. Abundant rain the niorning of 
the 5th. 

(3) Cheliusford (Esses), 3d of November, 1903, 10 p. m., halo 
of 22” (moon), well defined. No mention of following weather. 
A reference to my private diary, however, leads me to believe 
the nest day was rainy. 

(4) Chelmsford (Eases), 1st of February, 1904,lO p. m., halo 
of 22” (moon), well defined. No mention of following weather, 
but a similar reference allows me to infer that the nest day 
was gloomy, threatening rain. 

(5)  Chelmsford (Ewes), 30th of December, 1906, noon, halo 
of 22” (sun), 2 parhelia and adjacent fragments of horizontal 
circle. I would have expected rain but for the fact that after a 
night of frost, and a light thaw in the morning, i t  was begin- 
ning to freeze hard again. Nevertheless, it rained that evening 
from 7:30 p. m. until about 9:00 p. 111. 


